


Impact of Natural Gas Prices

on Ammonia Prices

Natural gas is the primary raw material used to produce ammonia. Approximately
33 million British thermal units (mm Btu) of natural gas are needed to produce 1
ton of ammonia. Natural gas accounts for 72-85 percent of the ammonia production
cost, depending on the size of the ammonia plant and the price of ammonia (TFI
(a)). Ammonia prices were weakly correlated with natural gas prices before 2000,
but became strongly correlated after 2000.

Following the deregulation of the natural gas market in the 1980s, monthly
average prices of natural gas were relatively stable over the period 1985-99,
ranging from $2 to $4 per mm Btu, with a standard deviation of $0.5 per mm

Btu (fig. 3). In the same period, monthly average ammonia prices were rela-
tively stable, except in 1994-97. The price correlation between natural gas and
ammonia in this period (1985-99) was weak at 0.17 to 0.07 (table 2). Ammonia
prices in this period were influenced mainly by ammonia demand. For example,
the price peaks from 1994 to 1997 stemmed from the high demand for ammonia
that exceeded production capacity, as more acreage was planted to corn following
price increases due to strong export demand. From 2000 to 2006, however,
natural gas prices became volatile and trended upward, ranging from $3 to $13
per mm Btu, with a standard deviation of $2.27 per mm Btu. In this period, the
price correlation between natural gas and ammonia was strong at 0.8 to 0.7. A co-
integration analysis suggests that the estimated longrun ammonia price elasticity
with respect to natural gas price is 0.8, which reflects the share of the production
cost of ammonia attributed to the cost of natural gas (Huang (b)).

Table 2
Monthly price correlations between natural gas and ammonia
Time period Ammonia prices Ammonia prices Ammonia prices
to natural gas lagged 1 month to lagged 2 months to
prices natural gas prices natural gas prices
1985-99 +0.172 +0.119 +0.067
2000-05 +0.809 +0.823 +0.733

Source: USDA, Economic Research Service using data from TFI (b).

Figure 3
Monthly U.S. prices of natural gas and ammonia
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Source: USDA, Economic Research Service using data from TFI (b).
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Effects of Natural Gas Prices

on Ammonia Producers

From 2000 to 2006, the increase in natural gas prices decreased the producers’
gross return margins (the difference between the cost of natural gas to produce
1 ton of ammonia and the ammonia price (in the Gulf region) received by
ammonia producers). The low average gross return margins in 2000-03 suggest
that, on average, ammonia production in these 3 years was less profitable than
in 1992-98, a period of high average gross return margins (fig. 4). Because of
low profitability in recent years, a significant number of ammonia producers
ceased production or merged with other producers (IFDC).

Production capacity and production are declining. Annual U.S. production
capacity of ammonia increased from 1998 to 2000 in response to increased
demand for ammonia but has since declined steadily (IFDC) (fig. 5). From
2000 to 2006, the annual capacity declined from 20 million tons to 13 million
tons, a 35-percent drop. Over the same period, annual U.S. ammonia produc-
tion fell from 18 million tons to 10 million tons, a 44-percent decline (DOC).
About 77 percent of U.S. production capacity was used in 2006. Note that in
1994-97, large demands for ammonia pushed ammonia production near or
over the production capacity, causing price jumps (see fig. 3).

Number of ammonia plants is declining also. The total number of U.S.
ammonia plants has declined since 1990 (fig. 6) (IFDC). From 1990 to 2000,
many less-efficient small plants closed. From 2000 to 2006, the total number

Figure 4
U.S. ammonia prices and cost of U.S. natural gas to produce ammonia
$ per ton
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Note: 32.7 mm Btu per ton of ammonia is used to compute the cost to produce 1 ton
of ammonia.

Source: USDA, Economic Research Service using data on ammonia prices paid by farmers
from NASS, and data on ammonia Gulf prices and natural gas prices from TFI (b).
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Figure 5
U.S. ammonia production and production capacity
Mil. tons
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Source: USDA, Economic Research Service using capacity data from IFDC and
production data from DOC.

Figure 6

Number of ammonia plants in three ranges of production capacity
per year

Number of plants

457
40 \/

35
30
257
20 Less than 500,000 tons

15 Between 500,000 and

1 million tons
10 B i

5 R

0

Total number of plants

Greater than 1 million tons
T

T
1990 1995 2000 2005 2006
Fertilizer year
Note: Fertilizer year runs from July of the preceding year to June of the year
indicated in the chart.
Source: USDA, Economic Research Service using data from IFDC.

of ammonia plants dropped from 40 to 25. The largest decline was in small
plants with annual production capacity of less than 500,000 tons. The number
of plants in this group declined from 24 to 14 over the period. Most of the
small plants that closed were located in the Gulf region, where it became
more profitable to use imported ammonia rather than the ammonia produced
by plants in the region, largely due to increases in the cost of natural gas.
Meanwhile, U.S. ammonia cooperative firms continued to lose market share
and increasingly merged with privately owned or publicly traded companies.
In 2006, only one cooperative firm remained in operation.
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Ammonia net imports are increasing. U.S. net imports of ammonia main-
tained a relatively constant level from 1991 to 2000. Since 2001, however,
with the decline of domestic ammonia production, imported ammonia has
become increasingly important to the U.S. ammonia supply. From 2000 to
2006, annual U.S. imports of ammonia increased from 3.9 to 8.4 million
tons, an increase of 115 percent, while ammonia exports remained constant
(ERS (d)) (fig. 7). During that period, most U.S. ammonia imports came
from Trinidad and Tobago, Canada, Russia, and Ukraine (fig. 8). In 20086,
Trinidad and Tobago accounted for 57 percent of U.S. ammonia imports.
North Dakota and Montana were the main entry ports for ammonia imports
from Canada, while the Gulf States were the main entry ports for ammonia
shipped from Trinidad and Tobago, Russia, and Ukraine.

Figure 7
U.S. ammonia imports, exports, and net imports
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Source: USDA, Economic Research Service (d).

Figure 8
U.S. imported ammonia
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Source: USDA, Economic Research Service (d).
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Figure 11

Net returns per mm Btu of natural gas used to produce ammonia
in the United States and in Trinidad and Tobago
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Note: Net return ($/mm Btu) = [ammonia price ($/ton) - 32.75 (mm Btu ton) * natural gas

price ($/mm Btu) - other production costs ($/ton) - shipping cost ($/ton) ]/ 32.75 (mm Btu/ton).
32.75 mm Btu of natural gas is required to produce 1 ton of ammonia. Gulf ammonia prices
and natural gas prices from TFI (b), and other production costs from TFI (a), are used to
estimate net returns per mm Btu of the U.S. natural gas, while Gulf ammonia prices, natural
gas prices and shipping costs (ocean freight and insurance) from NGC (Trinidad), and other
production costs from TFI (a), are used to estimate net returns per mm Btu of Trinidad and
Tobago natural gas.

Source: USDA, Economic Research Service.

gas, compared with the return for the price of $5.84 in 2004 (DOE (a)).
Larger returns from higher gas prices for LNG may increase LNG exports
and reduce ammonia exports.

Similarly, the incentive for Trinidad and Tobago to export ammonia also may
be affected by the increase in the Republic’s urea exports. Urea, containing
45 percent nitrogen, can substitute for ammonia as a source for nitrogen.
Because it is relatively safe to handle, use, store and transport, urea is the
most widely traded nitrogen fertilizer in international markets. Trinidad

and Tobago exported 484,637 tons of urea to the United States in 2005

and planned to double its urea production capacity in 2007 (IFDC). Larger
returns from urea exports to the United States or to other countries may also
reduce the Republic’s ammonia exports.
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Summary and Implications

Ammonia is the main input source of nitrogen for most chemical fertil-
izer products used in U.S. agriculture, and natural gas is the main raw
material input used to produce ammonia, accounting for 72-82 percent of
the ammonia production cost. Since 2000, the volatile and upward trend
in U.S. natural gas prices has led to a significant change in the supply of
ammonia in the United States. From 2000 to 2006, U.S. ammonia produc-
tion capacity declined 35 percent, U.S. ammonia production declined 44
percent, the number of U.S. ammonia plants dropped from 40 to 25, and
U.S. ammonia imports increased 115 percent. Concurrently, the share of
U.S.-produced ammonia in the U.S. aggregate ammonia supply dropped
from 80 to 55 percent. Since 2000, the annual aggregate ammonia supply
in the United States has declined 17 percent, while the inventory level has
declined 71 percent.

Further increases in natural gas prices in the United States could lead to

a continuous decline in U.S. ammonia production and an increase in U.S.
ammonia imports. A substantial increase in U.S. ammonia imports will likely
come from Trinidad and Tobago in the short run and from Venezuela in the long
run because of their relatively low natural gas prices and large gas reserves.

An increase in the share of U.S. ammonia imports could make the U.S.
aggregate supply of ammonia more susceptible to global competition for
nitrogen fertilizers. Increases in demand for nitrogen fertilizers from other
countries could drive up the costs and reduce U.S. ammonia imports, lead to
a reduction in the U.S. aggregate ammonia supply, and cause an increase in
ammonia prices in the United States. In addition, strong demand for nitrogen
fertilizers from other countries could reduce imports of nitrogen fertil-

izers such as urea, nitrogen solution, and ammonium nitrate, causing higher
ammonia prices.

Further increases in natural gas prices in the United States could also
lead to a continuous change in the U.S. ammonia industry. More merging
of U.S. fertilizer companies to improve production and marketing efficiency
would be expected. A reduction in the number of ammonia plants could
result in additional job loss and a lower tax base in some regions, impacting
local economies. Supply chains would become longer because of ammonia
imports. Some adjustments of the current fertilizer delivery system would be
required to accommodate large shipments of ammonia from the Gulf States
to the Cornbelt. Unexpected adverse weather conditions and political factors
may cause serious disruptions of the supply chain.

A continuous decline in the U.S. aggregate ammonia supply could make
U.S. ammonia markets more vulnerable to an unexpected change in
demand for and supply of ammonia. The current “just-in-time” supply
practice used by the U.S. ammonia industries to minimize the inventory costs
could lead to lower inventory levels of ammonia, which could cause a price
jump in the event of an unexpected decline in U.S.-produced ammonia or
imported ammonia, or an increase in demand for ammonia.

15

Impact of Rising Natural Gas Prices on U.S. Ammonia Supply / WRS-0702
Economic Research Service/USDA



Will the expansion of ethanol production in the United States lead to an
increase in ammonia prices? Currently (2006), the U.S. ammonia industry
has 3 million tons of unused ammonia production capacity (see fig. 5). This
additional capacity could provide enough ammonia for 10 million additional
corn acres needed for projected ethanol production in 2010 if the current
(2006) level of ammonia imports is maintained. However, the additional
supply from the domestic ammonia industry is limited because a significant
share of this capacity is uneconomical to use at current (2006) U.S. natural
gas prices. Further increases in ammonia prices will be needed to bring this
unused production capacity into production. As U.S. ethanol production is
expanding, without further increases of domestic ammonia production or
imports of ammonia and other nitrogen fertilizers (such as urea and nitrogen
solutions), large increases in ammonia prices in the United States may follow.
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